The relation between body size and breast cancer remains uncertain, particularly with regard to differences between pre-and postmenopausal women. The authors examined whether height, weight, body mass index, and weight change were associated with breast cancer risk among pre-and postmenopausal women. This population-based case-control study included women aged 20-74 years (n = 6,548) who were diagnosed with invasive breast cancer during 1988-1991 in Maine, Massachusetts, New Hampshire, and Wisconsin. Similarly aged control women (n = 9,057) were selected at random from driver's license files and Health Care Financing Administration files. Height, weight, and information on other breast cancer risk factors were ascertained by telephone interview, and logistic regression was used to estimate multivariate-adjusted odds ratios and 95% confidence intervals. Among premenopausal women, the adjusted odds ratio for the upper quintile group of height relative to the lowest was 1.36 (95% confidence interval (Cl) 1.05-1.76). The heaviest premenopausal women had a lower risk (odds ratio (OR) = 0.87, 95% Cl 0.70-1.10). Among postmenopausal women, the adjusted odds ratios were higher for the upper quintile categories of both height (OR = 1.27, 95% Cl 1.11-1.45) and weight (OR = 1.57,95% Cl 1.37-1.79). Weight gain since ages 18 and 35 years was associated with increased postmenopausal breast cancer risk, and risk was lower in women wtio had lost weight. These findings suggest that programs to avoid weight gain merit study as a means to reduce risk of postmenopausal breast cancer. Am J Epidemiol 1997;145:1011-19. body height; body weight; breast neoplasms; weight gain Studies of the relation between body size and breast cancer risk generally indicate that risk is greater among larger women (1). Most case-control and cohort studies have reported higher risk among tall women, yet relatively few of these studies have investigated whether this association holds for both pre-and postmenopausal women (2-8). The mechanism underlying this relation, which perhaps reflects childhood nutrition and inheritance (9), is not known. The effects of recent body weight (or body mass index) appear to vary according to menopausal status (6, 7, (10) (11) (12) ). Weight appears to be inversely related to risk among premenopausal women but is associated with a weak to moderate increase in risk among postmenopausal women. Other measures of weight, such as weight at specific ages or weight gain and loss, have received relatively little attention as possible risk factors (1).
Studies of the relation between body size and breast cancer risk generally indicate that risk is greater among larger women (1) . Most case-control and cohort studies have reported higher risk among tall women, yet relatively few of these studies have investigated whether this association holds for both pre-and postmenopausal women (2) (3) (4) (5) (6) (7) (8) . The mechanism underlying this relation, which perhaps reflects childhood nutrition and inheritance (9) , is not known.
The effects of recent body weight (or body mass index) appear to vary according to menopausal status (6, 7, (10) (11) (12) . Weight appears to be inversely related to risk among premenopausal women but is associated with a weak to moderate increase in risk among postmenopausal women. Other measures of weight, such as weight at specific ages or weight gain and loss, have received relatively little attention as possible risk factors (1) .
With the use of data from a population-based casecontrol study of breast cancer, we investigated the associations of height, weight, and change in weight since young adulthood with breast cancer risk in women. The large sample size and extensive questionnaire permitted estimation of risks separately for preand postmenopausal women.
MATERIALS AND METHODS

Study participants and design
All female residents of Wisconsin, Massachusetts (excluding the four counties that comprise metropolitan Boston), Maine, and New Hampshire who had a new diagnosis of breast cancer and who were less than 75 years of age were eligible for this study. Case women were identified by each state's cancer registry from April 1988 through December 1991, except for New Hampshire, where women were enrolled beginning in January 1990. According to a protocol approved by the institutional review board of each participating center, the physician of record for each eligible case was contacted by mail to obtain permission to interview the patient. Eligibility was limited to women with listed telephone numbers, drivers' licenses verified by self-report (if less than 65 years of age), and known dates of diagnosis. As previously described (13, 14) , of the 8,532 eligible cases, physicians refused contact for 709 cases (8.3 percent); 464 cases (5.4 percent) were deceased, 69 (0.8 percent) could not be located, and 402 (4.7 percent) refused to participate. Thus, data for 6,888 women were available for analysis, providing an overall response rate for cases of 80.7 percent.
In each state, we randomly selected control women from the community using two sampling frames: women under 65 years of age were selected from a list of licensed drivers, and women aged 65-74 years of age were selected from a roster of Medicare beneficiaries compiled by the Health Care Financing Administration. The controls were selected to have an age distribution similar to that of the cases, but with oversampling of younger control women in the New England states in order to increase the statistical power of the study. Controls had no personal history of breast cancer, a listed telephone number, and, if less than 65 years of age, a driver's license (by self-report). Of the 11,329 eligible controls, 122 (1.1 percent) had died, 153 (1.4 percent) could not be located, and 1,521 (13.4 percent) refused to participate, leaving 9,529 women for analysis. The response rate for controls was 84.2 percent.
Data collection
We sent letters to eligible study participants briefly describing the study before contacting them by telephone. A 25-minute telephone interview elicited information on weight 5 years before the interview ("recent weight"), height (defined as tallest adult height), and current height. After August 1988, women were also queried about their weight at ages 18 and 35 years. The interview covered reproductive history, use of hormones, physical activity, alcohol consumption, selected dietary items, personal and family medical history, and demographic factors. To maintain blinding, information about the woman's personal and family history of breast cancer was not obtained until the end of the interview; for 78 percent of cases and 90 percent of controls, the interviewers were unaware of the woman's case-control status until the end of the interview.
Data analysis
We have shown elsewhere (13, 15 ) that compared with controls, the women with breast cancer had younger ages at menarche, were older at the delivery of their first child, had lower parity, were more likely to have a family history of breast cancer, were older at menopause, consumed more alcohol, and reported lower levels of early-life physical activity. Menopausal status was unknown for 260 cases and 378 controls, and height or recent weight information was unknown for 80 cases and 94 controls. The analysis was therefore limited to the remaining 6,548 cases (1,627 pre-and 4,921 postmenopausal) and 9,057 controls (2,739 pre-and 6,318 postmenopausal). Analyses concerned with weight at age 18 years were limited to 6,415 cases and 8,844 controls, and analyses for weight at age 35 years were limited to 5,877 cases and 7,717 controls because these two items were added to the questionnaire after interviewing began.
We defined the reference age for cases as their age at diagnosis. We defined a comparable reference age for controls which was equal to the age at interview minus the average time from diagnosis to interview for the case group within each state (range, 8-21 months). We calculated quintiles for height, recent weight, body mass index (BMT) (defined as recent weight (kg)/ height (m) 2 ), weight at age 18 years, and weight at age 35 years using separate distributions for premenopausal and postmenopausal control women. We similarly calculated quartiles for weight gain since ages 18 and 35 years so that weight loss remained a separate fifth category. We classified women as postmenopausal if they reported natural menopause or bilateral oophorectomy before their reference date. Women who reported hysterectomy alone and at least one remaining ovary were classified as premenopausal if their reference age was in the first decile of age at natural menopause among the controls (<42 years for smokers and <43 years nonsmokers), and as postmenopausal if their age at surgery was in the highest decile for age at natural menopause in the control group (>54 years for smokers and >55 years for nonsmokers). The women's menopausal status was considered unknown if they had undergone hysterectomy without bilateral oophorectomy at an intermediate age (second to ninth decile).
We used odds ratios and 95 percent confidence intervals from multivariable logistic regression models to evaluate relative risks. Conditional models stratified according to age (to intervals of approximately 0.10 years) and state were used to accommodate the different age distribution of the controls in each state (16) . The models were stratified according to menopausal status and adjusted for parity, age at first birth, age at Am J Epidemiol Vol. 145, No. 11, 1997 menarche, family history of breast cancer, recent alcohol consumption, education, and, for postmenopausal women, age at menopause; these potential confounders were considered a priori to be established risk factors for breast cancer and were therefore included in all models regardless of statistical significance. Models of height were also adjusted for weight residuals, defined as the difference between the reported recent weight and the predicted weight after regression on height (9) . Weight models were adjusted for height, and weight change models were adjusted for height and weight at age 18 or 35 years. We performed categorical and continuous analyses for all variables. We assessed heterogeneity of the odds ratio for body size measurements across other variables by examining the difference in the log-Likelihood between models with and without the cross-product terms using continuous body size variables (16) .
Reliability substudy
After 6-12 months, we reinterviewed 211 control subjects from Wisconsin and Massachusetts to assess the reliability of the questionnaire (17) . The Spearman correlation coefficients between the body size measurements in the two interviews were as follows: recent weight, r = 0.92; weight at age 18 years, r = 0.92; weight at age 35 years, r = 0.87; height, r = 0.95.
RESULTS
Premenopausal women
Height was clearly associated with risk of breast cancer among premenopausal women (table 1) . Women in the fifth quintile group of height had a 36 percent higher relative risk compared with women in the first quintile category. For each 0.1 m increase in height, the odds ratio increased by 16 percent. Formal tests for interactions showed that the association between height and risk of premenopausal breast cancer did not vary appreciably among categories of physical activity, oral contraceptive use, personal history of benign breast disease, parity, age at first full-term pregnancy, age at menarche, family history of breast cancer, recent alcohol consumption, or education (data not shown). Higher body mass index and weight were each weakly associated with decreased risk of premenopausal breast cancer (table 1) . There was a 2 percent decrease in risk for each unit increase in body mass index, and a 3 percent decrease in risk for each 5 kg increment in weight.
Weights at ages 18 and 35 years were associated with slightly decreased risk of premenopausal breast * Logistic regression models conditional on age and state. Odds ratios were adjusted for parity, age at first full-term pregnancy, age at menarche, family history of breast cancer, recent alcohol consumption, and education, t Odds ratios were also adjusted for weight residuals. i Referent. § Odds ratios were also adjusted for height cancer (table 1) . Weight gain and weight loss since ages 18 and 35 years were not associated with risk (table 2) .
Postmenopausal women
Taller women had an increased risk of postmenopausal breast cancer relative to shorter women (table  3) . The magnitude of the odds ratios for postmenopausal women in the highest quintile group (odds ratio (OR) = 1.27) and the increase for each 0.1 m increment in height (OR = 1.15) were similar to those for premenopausal women. The test of interaction for height and menopausal status was not statistically significant (chi-square = 0.18, 1 degree of freedom (df), p = 0.67).
Higher body mass index and weight were associated with increased risk of postmenopausal breast cancer (table 3) . Women in the highest quintile category of body mass index had a 41 percent higher risk compared with women in the lowest quintile group, and women in the highest quintile group of weight had a 57 percent higher risk compared with women in the lowest quintile category. Alcohol consumption, physical activity in young adulthood, family history of breast cancer, hormone replacement therapy use, parity, age at first full-term pregnancy, age at menarche, education, and age at menopause did not modify the association between weight and risk of breast cancer; interaction terms for weight and the other factors were not important in the regression models {p > 0.05).
The association between body mass index and breast cancer is clearly different according to menopausal status (interaction chi-square = 28.137, 1 df, p < 0.001) (figure 1). We examined whether this association was truly due to menopausal status or, instead, to age (table 4) . Age did not modify the relation between body mass and risk of breast cancer, in a linear fashion, among premenopausal women (p -0.21) or postmenopausal women (p = 0.74).
In contrast to the results for premenopausal women, weight at age 18 years was not related to risk of postmenopausal breast cancer (table 3) . However, women in the highest quintile group of weight at age 35 years did have a higher risk (OR = (table 5) . Women with weight gain over 18 kg since age 18 years had a 51 percent increase in risk compared with women who gained less than 5.9 kg of their recent body weight; women with a weight gain of at least 10 kg since age 35 years had a 27 percent increased risk compared with women who gained less than 1.4 kg. Women who had lost weight since either age had a moderately reduced risk of breast cancer (table 5) .
We examined whether the association of weight gain (from age 18 years until 5 years before interview) with risk of postmenopausal breast cancer varied according to baseline weight at age 18 years (data not shown). Women who were relatively light as young adults tended to gain a higher percentage of their recent body weight than women who were heavier. Women who reported higher levels of weight or weight gain had an increased risk of breast cancer * Logistic regression models conditional on age and state. Odds ratios were adjusted for parity, age at first full-term pregnancy, age at menarche, family history of breast cancer, recent alcohol consumption, education, and height t Odds ratios were also adjusted for weight at age 18 years. i Referent. § Odds ratios were also adjusted for weight at age 35 years. H Three categories were used for weight gain instead of quartiles because 45% of the premenopausal subjects reported no change in weight since age 35 years. regardless of whether they were relatively light or Because recent weight and weight change are highly relatively heavy at age 18 years compared with women who were more able to maintain their weight (p < 0.01). * Estimate for the 5th quintile group relative to the 1st quintile group within each age strata. Logistic regression models conditional on age and state. Odds ratios were adjusted for parity, age at first full-term pregnancy, age at menarche, family history of breast cancer, recent alcohol consumption, education, and age at menopause (postmenopausal women only).
tions of the two in the association with postmenopausal breast cancer risk. Among postmenopausal women, weight change since age 18 years remained significantly associated with breast cancer risk after adjusting for weight at age 18 years (p < 0.001) or recent weight (p < 0.001). However, after adjusting for weight change since age 18 years, recent weight was not associated with risk (p = 0.47).
Detection bias
Characteristics of the Wisconsin cases (n = 3,197) were available to address whether increased surveillance was responsible for the different observed associations of body size and risk according to menopausal status. Postmenopausal women were more likely than premenopausal cases to have had their tumors diagnosed by mammography (39 percent vs. 22 percent). Regardless of menopausal status, women with higher BMI were more likely to have had their cancers detected by mammography (premenopausal women >40 years: 10 percent in lowest BMI quintile, 32 percent in highest quintile; postmenopausal women: 31 percent in lowest quintile, 45 percent in highest quintile), but the percentage of women who reported that they obtained a screening mammogram prior to their diagnosis did not vary appreciably by BMI quintile (premenopausal women >40 years: 56 percent in lowest quintile, 51 percent in highest quintile; postmenopausal women: 51 percent in lowest quintile, 49 percent in highest quintile). Finally, tumors detected by mammography were more likely to be localized in both premenopausal women (78 percent) and postmenopausal women (76 percent). Regardless of method of detection, though, the proportion of women with lymph node metastases was higher with increasing BMI among premenopausal women {p = 0.06) but not among postmenopausal women (p -0.39).
DISCUSSION
In our data, height was related to increased risk of breast cancer among both pre-and postmenopausal women. However, associations between body weight measurements and breast cancer differed between preand postmenopausal women. Among premenopausal women, both recent weight and young adult weight were inversely related to risk. In contrast, among postmenopausal women, recent weight, BMI, and weight gain since ages 18 and 35 years were each associated with increased risk of breast cancer. Weight gain since age 18 years was more strongly associated with risk of postmenopausal breast cancer than recent weight.
Cohort studies of premenopausal breast cancer and body size (for cases, usually defined as weight or BMI at the time of diagnosis or in the recent past) have generally produced relative risk estimates less than unity, but results from case-control studies have been inconsistent (1) . In their recently published metaanalysis, Ursin et al. (18) combined the results of 19 case-control studies and four cohort studies. They concluded that die data supported a modest inverse association between BMI and premenopausal breast cancer, estimating a reduction in risk for a BMI difference of 8 kg/m 2 of 22 percent among case-control studies to 30 percent among cohort studies (18) . In the present study, we found an 11 percent reduction (95 percent confidence interval (CI) 0.79-1.00) for each 8 kg/m 2 increment in BMI among premenopausal women.
Most case-control studies of the relation between body weight and risk of postmenopausal breast cancer have reported elevated estimates (1). In general, however, cohort studies have tended to yield relative risk estimates closer to unity. The explanation for this inconsistency is not clear (1). Our current findings, as well as those of other case-control studies, suggest that recent weight may be an important determinant of risk. Because cohort studies often evaluate body size far in advance of diagnosis, they may find an attenuated association. A positive association, however, was not found in the Nurses' Health Study, where weight was updated every 2 years during 8 years of follow-up (6) . Conversely, in the Iowa Women's Health Study-a cohort of older women with relatively short follow-up (6 years)-weight was positively associated with breast cancer risk (19) . The relation of study design with the association found with breast cancer risk is * Logistic regression models conditional on age and stats. Odds ratios were adjusted for parity, age at first full-term pregnancy, age at menarche, family history of breast cancer, recent alcohol consumption, education, age at menopause, and height, t Odds ratios were also adjusted for weight at age 18 years. i Referent § Odds ratios were also adjusted for weight at age 35 years.
probably not a simple function of how long before diagnosis the weight data apply. This study demonstrates that menopause more than age is responsible for the elevation in risk of breast cancer with increasing weight or BMI. Some studies have shown that increased risk is either limited to postmenopausal women over age 60 years (2, 20) or strengthens as age increases (21, 22) . Unlike these previous studies, our data show a significant increase in risk with increased BMI among postmenopausal women less than 60 years of age (OR = 1.30, 95 percent Cl 1.02-1.65), as well as a higher risk (though not significantly so) for women in their sixties than in their seventies.
Most studies to date (6, 10, 19, 21, (23) (24) (25) but not all (26) agree with our finding of increased risk of breast cancer for postmenopausal women who gained weight since young adulthood. The apparent reduction in risk after weight loss also supports the role of weight and its associated endocrine changes as a tumor promoter (27) , as does the consistent finding that obesity (or weight) is associated with poor prognosis (7, (28) (29) (30) (31) .
In addition to menopausal status, several other factors might modify relations between BMI and breast cancer risk. Breast parenchymal pattern (32) , estrogen receptor status (33, 34) , and dietary intake of fat and animal protein (35) have been implicated in some reports; these factors were not measured in our study. Vatten and Kvinnsland (36) reported a significant interaction between BMI and cigarette smoking among premenopausal women; in our study, we did not find evidence of this interaction (chi-square = 2.78, 1 df, p = 0.09) (37) . Interactions in our data for postmenopausal women were also not significant for family history (p = 0.97), in contrast to the Iowa Women's Health Study (38) , or for hormone replacement thera Py (P = 0-79), as opposed to the Nurses' Health Study (14, 39) .
Investigations of the relation of body size to breast cancer risk are susceptible to bias. Although this study depended on participants' self-report of body measurements, comparisons of self-reported measurements and actual measurements taken by technicians generally reveal high correlation coefficients (>0.8) that reduce, but do not rule out, the possibility of bias (40) (41) (42) (43) (44) (45) (46) . Systematic misclassification, resulting from respondents reporting measurements which represent their "desired body image," has been suggested as being responsible for null associations in some studies (3) . Bias can also affect results of retrospective studies if cases report body weights which reflect weight change due to their disease or therapy. Data from our reliability substudy suggested that our body size measurements were indeed reproducible. Our high response rates (>80 percent) minimize but cannot exclude the possibility that subgroups of women, such as women with high BMI, were under-represented in the control group.
Detection bias might partially account for the observed inverse association between weight and breast cancer risk in premenopausal women (6, 7) ; the higher utilization and greater efficacy of mammography in women greater than 50 years of age lessens the chance that detection bias substantially attenuates the effect among postmenopausal women. Analysis of the premenopausal Wisconsin cases of this study found that higher BMI and nonlocalized disease at diagnosis were positively associated. Therefore, a hypothetical lead time differential between thinner and heavier women could explain at least part of the interaction between BMI and menopausal status (6, 7) .
Attained height partly reflects childhood and adolescent nutrition (9); undernutrition delays height gain, while overnutrition and obesity accelerate height gain (47) . In animal studies, caloric restriction significantly decreases tumor incidence, both experimentally and spontaneously induced (48) . Unrestricted intake of either dietary fat or total calories increases mammary tumor incidence in mice and rats (49) . In this country, nutritional deprivation during development probably does not play a strong role in height attainment. Genetic factors more likely influence variability in height for the women in this study (9) . Prior epidemiologic studies of height and risk have produced results that generally support the associations we found, although results have been somewhat inconsistent, perhaps due to the modest strength of the relation and to the limited sample sizes in some studies (1) .
While a positive association between weight and breast cancer risk has been more consistently seen in studies of postmenopausal women, several studies have reported reduced risk estimates for premenopausal women (6, 10, 11, 36, 50, 51) . One proposed mechanism to account for the different observations in pre-and postmenopausal women is that obese premenopausal women are more likely to have longer menstrual cycle lengths and a greater tendency for anovulatory cycles, therefore resulting in a lower net estrogen influence on target breast cells and a subsequent reduced risk of breast cancer (52) (53) (54) (55) .
Conversely, estrogens derived from androgenic steroids in adipose tissue may account for the increased risk of breast cancer in postmenopausal obese women (56) . The lower levels of sex hormone-binding globulin in these heavier women may increase cancer risk by raising serum-free estradiol (3, (57) (58) (59) . Obese postmenopausal women have higher serum levels of estrone and estradiol than women of normal weight (27, (60) (61) (62) .
In summary, our findings are consistent with an inverse association between adiposity and breast cancer risk among premenopausal women. Our findings also support an association between height and risk of both pre-and postmenopausal breast cancer, and a positive association between higher weight as well as weight gain for postmenopausal breast cancer. Regardless of past weight, weight gain was positively associated with risk among postmenopausal women. The findings of the present study, taken together with the results of previous studies, indicate that weight maintenance may provide an opportunity for control of breast cancer in postmenopausal women.
